Permanent or temporary hypoparathyroidism may be a debilitating result of radical cervical surgery, as noted most commonly following thyroid or parathyroid surgery. However, it can also be the outcome of any surgical procedure involving bilateral extensive manipulation of the anterior neck triangle, especially in order to ensure oncologically adequate surgical margins. We report our experience of three patients that underwent parathyroid immediate autotransplanation following extensive surgical manipulations of the neck region for oncological reasons. PTH levels were restored to normal by the fourth postoperative week, allowing us to wean the patients off calcium and vitamin D 3 supplementation, which was attributed to full autograft function. Parathyroid autotransplantation, immediate or delayed, is a simple and safe technique which should be considered by the surgeon whenever there is a high risk for postoperative hypoparathyroidism following radical operations of the neck for oncological reasons.
Background
Permanent or temporary hypoparathyroidism may be a debilitating result of radical cervical surgery, as noted most commonly following thyroid or parathyroid surgery. However, it can also be the outcome of any surgical procedure involving bilateral extensive manipulation of the anterior neck triangle [1] [2] [3] . Oesophageal carcinomas in the proximity of the cricopharyngeal junction in particular, may require the en bloc resection of adjacent organs, such as the larynx, the thyroid gland and the parathyroids, as well as a complete neck dissection in order to achieve an oncologically satisfactory outcome. Severe postoperative hypoparathyroidism becomes clinically evident with symptoms including paresthesias, muscle cramping, shortness of breath secondary to bronchospasm, tetanic contractions, distal extremity numbness, seizures and QT prolongation in the electrocardiogram. In order to deal with these agonizing for the patient and clinician symptoms long-term medication supplementation, frequent laboratory testing and repeated hospital admissions may be required [4] . Furthermore, the lack of established parathormone replacement medical therapy to date results in severely afflicting the patient's quality of life postoperatively.
Parathyroid autotransplantation has long been employed as a means of preventing permanent hypoparathyroidism after thyroid or parathyroid surgery [5] . However, it is not usually considered as an option in extensive head and neck dissections performed for other causes, although the risk of inadvertent damage to the parathyroids still exists. We report our experience of three patients in which parathyroid autotransplantation was utilized to avoid postoperative hypoparathyroidism following oesophagectomy combined with resection of adjacent structures.
Case Series Presentation
The first patient was a 65-year-old female, suffering from an oesophageal carcinoma of the cricopharyngeal junction, who underwent a transhiatal oesophagolaryngopharyngeal resection with bilateral neck dissection. The second patient, a 70-year-old female, also underwent transhiatal oesophagolaryngopharyngeal resection and bilateral neck dissection for a hypopharyngeal carcinoma.
Lastly, the third patient was a 63-year-old male who was subjected to transhiatal oesophagectomy and total thyroidectomy for a carcinoma of the lower third of the oesophagus and a concomitant toxic goiter. Permanent tracheostomy was considered mandatory in patients 1 and 2, as their tumour directly invaded larynx. In the 3 rd patient transhiatal oesophagectomy was combined with total thyroidectomy for a toxic goiter, which was firmly attached to the oesophagotracheal groove rendering the patient vulnerable to hypoparathyroidism. The continuity of the alimentary tract was restored by right colon interposition and anastomosis to the pharynx in patient 1, whereas in patient 2 and 3 an immediate cervical pharyngogastric and oesophagogastric anastomosis was performed respectively.
Taking into account the extensive neck dissection required for these surgical procedures, all patients were deemed high risk for inadvertent damage to the parathyroid glands and the subsequent development of hypoparathyroidism postoperatively. Therefore, it was decided that they should be submitted to parathyroid autotransplantation. During surgery the two upper parathyroid glands were identified, resected and stored in sterile iced saline until completion of the operation. Pathological examination confirmed their accurate identification and multiple frozen sections of the surrounding fatty tissue precluded the presence of malignancy. Then, the two parathyroids were sliced in pieces of 1 × 3 mm in diameter, and three to four grafts were implanted on separate muscle pockets in the sternocleidomastoid muscle or, in the 3 rd case, in the non-dominant forearm. A total of 20 pieces were grafted in every patient. Each muscle pocket was reapproximated using non-absorbable sutures.
Pathological examination confirmed that at least 2 parathyroids had been excised en bloc with the resected surgical specimen (the two inferior glands were identified in cases 1 and 3, and three glands in case 2).
Calcium and phosphorus serum levels were closely monitored postoperatively. In case 2 calcium gluconate was administered intravenously, on postoperative day 2, to treat a calcium level drop to 7.2 mg/dl, which was normalised 24 hours later. In all three patients the serum intact PTH (parathormone) levels increased progressively. PTH levels had been restored to normal by the fourth postoperative week, allowing us to wean the patients off calcium and vitamin D 3 supplementation. No further PTH fluctuations were noted in the patients' follow-up visits over the next 6 months, which was considered indicative of excellent parathyroid graft function [ Figure 1 ]. Moreover, serum calcium and phosphorus levels remained normal throughout the entire 6-month postoperative follow-up period. The patients' preoperative attributes and postoperative course are summarised in Table 1 .
Discussion
Originally described by Lahey in 1926 [5] , parathyroid autotransplantation has been used ever since as a means of preventing postoperative hypoparathyroidism. It can be performed either intraoperatively (immediate autotransplantation), whenever the viability of the parathyroid glands is considered to be unavoidably compromised or in a reasonable time period postoperatively (delayed autotransplanation), when there is evidence that a patient is suffering from permanent hypoparathyroidism [1] . The incidence of hypoparathyroidism following cervical exploration for parathyroid hyperplasia or repeated operations for recurrent or persistent disease has been reported to be as high as 20% [6] . Radical head and neck surgery combined with total thyroidectomy is an indication for parathyroid autotransplantation [7] . Furthermore, aggressive surgical procedures in this anatomical region can also result in hypoparathyroidism due to devascularisation or excision of the parathyroid glands, either incidentally or for adequate oncologic margin achievement.
The aim of our paper is to highlight that parathyroid autotransplantation should be considered as an alternative in all patients subjected to operations in the neck region, involving extensive surgical manipulation or radical resection for oncological reasons, in order to prevent severely disabling permanent hypoparathyroidism. Immediate autotransplantation into the ipsilateral sternocleidomastoid muscle was performed in our first two cases and into brachioradialis muscle of the non-dominant arm in our last case. The pectoralis major is also an unproblematic alternative implantation site, as it is usually included within the operative drape field and well away from the neck region [1] . The muscle pockets used should invariably be re-approximated with either radio-opaque metal clips or long-tailed, non-absorbable monofilament sutures (as performed in our three patients), in order to aid graft localisation in case of a re-operation [8] .
Parathyroid gland tissue has been shown to induce angiogenesis spontaneously by increasing the expression of vascular endothelial growth factor, which is the main reason for the feasibility of autograft transplantation [9] . The apparent length of time for vascular in-growth and graft function to develop is approximately 10-20 days following implantation [10] . Our 3 patients displayed normal serum PTH levels and were eventually weaned off calcium and vitamin D 3 supplementation during their 4 th postoperative week. The observation that this time interval was in accordance with the expected time for full graft function reported in the literature, combined with the initial drop of the serum PTH which was noted immediately postoperatively, led to the assumption that permanent hypoparathyroidism was avoided in our patients due to successful autotransplantation.
However, the possibility that PTH levels were restored to normal owing to an in situ preserved parathyroid gland that was not identified intraoperatively cannot be fully dismissed.
Apart from immediate autotransplantation, Wells et al [10] described in 1974 the cryopreservation technique according to which the resected parathyroid tissue was placed into a sterile ice bath and 30-40 slivers of it were prepared and transported to laboratory vials containing 10% dimethyl sulfoxide, 10% autologous serum and 80% Waymouth's MB752/1 tissue culture media. These vials were placed in the liquid nitrogen-freezing compartment of a controlled rate freezer and frozen at -1°C per minute to -80°C. Finally, the vials were transported immediately into a liquid nitrogen storage freezer to be maintained at -170°C. It has been stated that the viability of stored parathyroid tissue is greater when the time of cryopreservation does not exceed 24 months [4] . Moreover, Borot et al have reported that 95% of patients who require delayed parathyroid autotransplantation are operated within 24 months following cryopreservation [11] . Therefore, it has been proposed that cryopreservation of the parathyroid glands should not exceed the period of 2 years postoperatively [1] .
Highly successful rates of parathyroid graft function have been reported for immediate (85-99% efficacy) versus delayed autotransplanation [6] , rendering the first option more favourable. However, in cases where late postoperative hypoparathyroidism is reasonably anticipitated to develop, the resection, cryopreservation and delayed transplantation of parathyroids is a reliable alternative that the surgeon should take under consideration [10, 12] .
Conclusions
Although preservation of parathyroid glands in situ is desirable, parathyroid autotransplantation, immediate or Figure 1 Postoperative intact PTH levels of the three patients. Postoperative intact PTH levels of the three patients (normal range 15-65 pg/ ml, 2 nd generation PTH Cobas e411 assay, Roche Diagnostics, Mannheim, Germany). delayed, is a simple and safe technique which can be implemented in order to eliminate the risk for postoperative hypoparathyroidism following radical operations of the neck for oncological reasons. However, the potential parathyroid grafts must be pathologically proved not to be invaded by malignant cells before implantation. Considering the relatively rare need to employ parathyroid autotransplantation, it is at the surgeon's courtesy to identify which patients can benefit from using this technique.
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